inorganic components, though significantly, the organic 48 fraction tends to be found on aerosol surfaces [Tervahattu 49 et al., 2002a [Tervahattu 49 et al., , 2002b [Tervahattu 49 et al., , 2005 
Method

77
[6] Aerosol size distributions, surface area, and volume 78 for particles 10 nm to 3 mm in diameter were measured on 79 the DC-8 using a differential mobility analyzer (DMA) and 80 an optical particle counter (OPC) [Clarke et al., 2004] . mate of ambient surface area is significantly less than a factor [7] The collision rate of an oxidant with aerosol along the 102 flight track was estimated using 1-minute averages of the 103 measured aerosol surface area and oxidant mixing ratios: 165 in the lower troposphere ($500 pptv C/day in the lowest 166 2 km), but the contribution of this mechanism to OVOC 167 concentrations will be less significant because of the much 168 larger OVOC sources from gas phase oxidation of larger 169 hydrocarbons in this region. (Figure 1c) , the equivalent 180 g H2O2 ranges from $10 À5 in the lower troposphere to $10 À2 181 in the upper troposphere, so H 2 O 2 's contribution to OVOC 182 flux is likely confined to the lower troposphere or in cloud.
183 Because of clouds' high aerosol surface area, increased 184 actinic flux, and potential for aqueous phase chemistry, 185 aerosol oxidation in clouds may warrant particular attention.
186
[13] Photolysis can, in principle, also lead to the decom-187 position of OA [Kieber et al., 1990] . To be competitive with 188 the OH chemistry, however, photolysis rates would have to 189 be relatively fast (J $ 10 À6 ), as it is likely less efficient at 190 degrading organic molecules in the condensed phase than in Crawford et al. [1999] , and assume a PAA lifetime of $20 days (upper limit).
251 (generally calculated from measured OA burdens and esti-252 mates of the depositional loss rate). Bottom-up estimates, 253 deduced from emission inventories and secondary organic 254 aerosol (SOA) yields for precursor gases, may also be too 255 low : Holzinger et al. [2005] , for example, demonstrate that 256 many biogenic SOA precursors are too short-lived to have 257 been previously measured, and thus have been omitted from 258 emission inventories. Furthermore, because of the diversity 259 of SOA precursor gases, the photochemistry and SOA yield 260 of only a few model compounds have been extensively 261 studied. Even for relatively well studied compounds, such 262 as isoprene, estimates of SOA yields are undergoing signif-263 icant revision upward [Limbeck et al., 2003; Claeys et al., 264 2004a Claeys et al., 264 , 2004b Kanakidou et al., 2005; Kroll et al., 2005] . In 265 addition, our understanding of other aspects of OA chem-266 istry is poor. For example, Heald et al. [2005] , considering 267 only wet depositional loss, underpredict OA mass in the free 268 troposphere 1 -2 orders of magnitude, which they cannot 269 attribute merely to OA flux underestimates. 270 
Conclusions and Recommendations
271
[18] Our estimate of the OVOC source and its atmospher-272 ic impact are highly speculative and uncertain due to the 273 complexity of the processes involved and the paucity of 274 laboratory and field data for quantifying key parameters. 275 Continued identification of OA constituents and study of 276 oxidant interactions with a wider range of substrates is 277 necessary to better constrain OVOC flux from atmospheric 278 aerosols. Of particular concern is that much of the OA in the 279 atmosphere may actually consist of highly oxidized humic-280 like substances (HULIS) [Limbeck et al., 2003 [2004] propose that the carbon volatilization in their 294 experiments would be reduced at atmospheric [O 2 ]. Other 295 oxidants, such as NO 3 and -in certain areas such as coastal 296 and polar regions -halogen atoms, may also play an 297 important role in aerosol oxidation. Finally, our analysis 298 assumes that all aerosols are completely covered with 299 organic films; accurate parameterizations of surface cover-300 age require more field studies of aerosol coatings. A full 301 understanding of OA oxidation will only result from con-302 tinued, multifaceted research endeavors.
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